The maternally inherited mitochondrial DNA (mtDNA) D-loop region is widely used for exploring genetic relationships and for investigating the origin of various animal species. Currently, domestic ducks play an important role in animal protein supply. In this study, partial mtDNA D-loop sequences were obtained from 145 samples belonging to six South-East Asian duck populations and commercial duck population. All these populations were closely related to the mallard duck (Anas platyrhynchos), as indicated by their mean overall genetic distance. Sixteen nucleotide substitutions were identified in sequence analyses allowing the distinction of 28 haplotypes. Around 42.76% of the duck sequences were classified as Hap_02, which completely matched with Anas platyrhynchos duck species. The neighbor-joining phylogenetic tree also revealed that South-East Asian duck populations were closely related to Anas platyrhynchos. Network profiles were also traced using the 28 haplotypes. Overall, results showed that those duck populations D-loop haplotypes were shared between several duck breeds from Korea and Bangladesh sub continental regions. Therefore, these results confirmed that South-East Asian domestic duck populations have been domesticated from Anas platyrhynchos duck as the maternal origins.
INTRODUCTION
Duck is the second most important poultry species for egg, meat, and down feather production in the world. According to the Food and Agriculture Organization of the United Nations (FAO) statistics between 2000 and 2011, the global duck meat production has increased by 1.3 million tons, with the duck meat production in Asia increasing by 3.7% per year during the same period. Asia is the region with the highest duck production accounting for approximately 84% of the total global production in 2011 (FAO, 2014) . In Korea, the duck production was 44.6 million in 2000, reaching almost 68.9 million in 2011; in Bangladesh, the duck production increased from 33 to 44 million during the same period.
Two distinct hypotheses have been proposed to explain the ancestry and evolution of the domestic ducks. One hypothesis states that the presently known domestic ducks are mainly originated from the wild duck (wild mallard, Anas boschas) whose domestication process started thousands years ago in Southeast Asia. The other hypothesis suggests that the domestic ducks were originated from the hybridization between the mallard (Anas platyrhynchos) and the Eastern spot-billed duck (Anas p. zonorhyncha) (Cherry and Morris, 2008) . Both the Muscovy duck (Cairinamoschata) and A. boschas can interbreed with other Anas species distributed worldwide (Wojcik and Smalec, 2007) . Duck species conservation is currently a matter of serious concern due to the uncontrolled breeding, interbreeding, and hybridization of domesticated and natural populations of closely related species all over the world.
In 2012, the Ministry of Finance of Bangladesh reported that 45.12 million of the ducks produced were mostly indigenous types and their crossbreeds (BER, 2012 Among indigenous ducks of Bangladesh, "Nageswari" an egg type native duck breed/variety is locally called "Nagi" (the snake deity) or Deshi Black, due to its head-high snake like posture, has a white breast while the rest of the plumage is black or penciled black, and is believed to have originated in the Sylhet district of Assam, which is now located in Bangladesh (Zaman et al., 2005) . Jinding, a popular egg type duck breed in Bangladesh which was imported from China and has been reared by the farmers of duck potential areas since late 20th century. Common indigenous and Deshi white ducks are scatteredly distributed throughout Bangladesh that has been maintained by the farmers as family poultry under traditional husbandry practices (FAO, 2004) . Besides, Korean native ducks (KND) are small, similar in appearance to mallards, but cannot fly well. Like most native ducks, KND have a slow growth rate with low feed conversion efficiency ) and a longer rearing period than commercial ducks (CD). Despite these limitations to the commercial production of KND, it has a high consumer demand due to its high meat quality with unique texture and flavor . In Korea, the National Institute of Animal Science is the main commercial producer of KND and CD. KND conservation has recently become a high-concern issue for the Korean government, which has launched a project in 2014 aiming to recognize the maternal origin, genetic diversity, domestication process, and genetic differentiation among domestic duck breeds.
The D-loop is the major control region of mitochondrial DNA (mtDNA) and its complete or partial sequence is a widely used marker for studies of inter-species variation (Moore and DeFilippis, 1997) and for understanding evolutionary systems (Baker and Marshall, 1997) , due to its lack of recombination and 5 to10 times higher nucleotide substitution rates than nuclear DNA markers (Brown et al., 1979) . Therefore, D-loop substitutions have been extensively used to characterize the decisive genetic resources in chicken (Hoque et al., 2009; , ducks (Choi et al., 2014; Jin et al., 2014) , and other avian species (Delport et al., 2002) .
Several studies using mtDNA D-loop control region genetic variation have been conducted to elucidate the gene flow of domestic and wild ducks and their genetic relationships in several geographical regions (Choi et al., 2014; Jin et al., 2014) . The mtDNA cytochrome c oxidase subunit I (COI) genetic variation has been used to discriminate and establish the phylogenetic relationships among Korean dabbling duck species (Jin et al., 2012) . The genetic polymorphism and phylogenetic results obtained from D-loop region in five Indonesian native duck breeds suggested that the maternal inheritance patterns of Indonesian native ducks were relatively similar to those of the mallard (A. platyrhynchos) and Eastern spot-billed duck (A. p. zonorhyncha) (Purwantini et al., 2013) . Using hypervariable D-loop sequences Jin et al. (2014) distinguished wild duck breeds from Korean domestic ducks by 26 indels present in partial D-loop sequences. The relationships between black KND and other duck breeds were initially investigated based on partial D-loop sequences (Choi et al., 2014) . Results of phylogenetic analyses showed that both black KND and white CD breeds were well differentiated from wild duck breeds, while mallards were not well classified with KND. Thus, the present study aims to investigate the phylogenetic relationships between KND and other South Asian duck breeds using partial D-loop sequences nucleotide substitutions, in order to explore the origin and pattern of genetic diversity among these breeds, as well as to elucidate on conservation breeding programs for native duck breeds.
MATERIALS AND METHODS

Specimen collection and DNA isolation
This study was carried out for two KND populations, a CD breed (Peking), and four Bangladeshi duck populations. Detailed sample information is presented in Table 1 . KND blood samples were collected from the wing veins of ducks held in the Poultry Science Division, National Institute of Animal Science (NIAS), Korea, in 3-ml tubes containing ethylenediaminetetraacetic acid (EDTA). A total of 84 
Polymerase chain reaction amplification, sequencing and cloning
Polymerase chain reaction (PCR) was used to amplify a partial sequence of the hypervariable D-loop region (about 710 bp long) using the primer set developed by Wu et al. (2011) (Forward, 5′-GTTATTTGGTTATGCATATCGTG-3′; Reverse, 5′-CCATATACGCCAACCGTCTC-3′). PCR reaction mixes included approximately 50 ng of genomic DNA, 10× buffer (containing Tris-HCl [pH 9.0], PCR enhancers, (NH 4 ) 2 SO 4 , 20 mM MgCL 2 ), 10 mM dNTPs mixture (2.5 mM of each dATP, dCTP, Dgtp, and dTTP), 10 pM primers, and 1 U Prime Taq (GeNetBio, Korea) in a 20 µL reaction volume. PCR was performed in a My-Genie 96 Thermal Block (Bioneer Co., Daejeon, Korea) using the following profile: pre-denaturation at 95°C for 5 min; 35 cycles of 45 s at 95°C for denaturation, 45 s at 60°C for annealing, and 1 min at 72°C for extension; and a final extension step at 72°C for 7 min. PCR products were visualized under ultraviolet light in 2% agarose gels stained with ethidium bromide. Purification of PCR products was carried out using the PrimePrep PCR purification kit (GeNetBio, Korea) according to the manufacture's guidelines. The purified PCR products were then sequenced by direct sequencing method. Consensus sequences approximately 606 bp long were retrieved for each individual by assembling sequences from both strands. A total of 27 PCR products from Bangladeshi duck samples, consisting of four breeds/varieties (Nageswari duck: 6; Deshi white duck: 5; Jinding duck: 9; Common Indigenous duck: 9), were cloned into a pGEM-T Easy Vector System (Promega, USA) and transformed using the DH5α competent Escherichia coli strain (Enzynomics, Daejeon, Korea) with the highest transformation efficiency. Collected plasmid DNA was also direct sequenced using the SP6 and T7 universal promoter primers.
Data analysis
All duck D-loop sequences obtained in this study were aligned using ClustalW (http://www.ebi.ac.uk/Tools/ msa/clustalw2/) and edited using BioEdit software (Hall, 1999) . The nucleotide replacement data was exported to the haplotype assignment software using MEGA ver. 6.06. Gaps in the aligned sequences were excluded from the analysis (Tamura et al., 2013) . The number of nucleotide variable sites, number of haplotypes (NHap), nucleotide diversity (Pi), and haplotype diversity (Hd) were calculated using DnaSP ver. 5.1 (Librado and Rozas, 2009 ). An unrooted neighbor-joining (NJ) tree was produced in MEGA ver. 6.06 to determine the phylogenetic relationships between breeds; tree confidence levels were evaluated by 1,000 bootstrap random replicates and data resampling. Distances between all haplotypes were calculated using the Kimura-2 parameter substitution model. A total of 145 Dloop sequences, 105 from this study and 40 previously published sequences of the KND (Choi et al., 2014) , were used in the genetic analysis (Table 1) . A total of 158 cloned sequences resulting from the 27 cloned samples from the four Bangladeshi duck breeds were also investigated. In addition, complete D-loop sequences from different domestic duck breeds (Peking, Rongshui, Xilin, Youxian Sheldrake, Longsheng, Jingxi, Linwu, and Youxian) were retrieved from the National Center for Biotechnology Information (NCBI) database and included in the phylogenetic tree (GenBank accession numbers: EU755252.1, EU009397.1 (both Peking duck sequences), KJ833587.1, KJ833586.1, KJ883269.1, KJ739616.1, KJ689447.1, KJ637997.1, and KJ778676.1, respectively). Additionally, NETWORK 4.6.1.0 software was used to construct a median-joining network profile for haplotype differentiation along positional single nucleotide polymorphisms (SNPs) (Bandelt et al., 1999) . The partial D-loop haplotype sequences were deposited to GenBank in National Center for Biotechnology Information (NCBI) (GenBank accession numbers: KU845272 ~KU845299).
RESULTS AND DISCUSSION
Polymorphisms and genetic diversity
A total of 145 mtDNA D-loop sequences were obtained: 84 from the Bangladeshi duck populations of Nageswari (BaB), Deshi white (BaW), Jinding (BaJ), and Indigenous (BaL); and 61 from two Korean duck breeds, namely white Korean native duck (WKND), black Korean native duck (KND_N), and one of CD population. The analysis of these 145 duck mtDNA D-loop sequences revealed a total of 16 nucleotide substitutions and one indel (insertion or deletion) ( Table 2) . Intra-population diversity measures i.e., the number of variable sites (S), the NHap, Hd, and Pi, and a sequenced based neutrality test, Tajima's D, calculated for each duck population considered in this study are presented in Table 2 . Analysis of mtDNA D-loop sequences identified 7 segregating sites in the BaB, one in the BaW, and 4 in the BaJ and BaL populations; KND presented 5, 4, and 7 segregating sites in the WKND, KND_N, and CD populations, respectively. Among the Bangladeshi duck populations, only one indel (nucleotide position 253) was found in the BaB population.
In general, within-population Hd values were relatively higher for Bangladeshi duck varieties than for Korean duck breeds, except for BaW (Table 2 ). Tajima's D test showed non-significant deviations from neutral expectation despite the considerable differences observed in the within population allele frequency distribution. In Bangladeshi duck populations, Pi values ranged between 0.00056 and 0.00372, while values observed in Korean duck populations varied between 0.00195 and 0.00372. The highest Pi value was observed in the BaB and CD populations and the lowest was in the BaW population. Qu et al. (2009) reported that Jinding and Gaoyou ducks had the highest (0.01100) and the lowest (0.00087) mtDNA control region nucleotide polymorphism, respectively, among seven duck breeds in China. Jin et al. (2014) stated that Pi varied between 0.004 and 0.019 among seven species of wild and domestic ducks in Korea. In addition, nucleotide sequences of mtDNA control region showed divergence ranging between 0.0012 and 0.0015 in domestic native Thai ducks. The Pi values obtained for Bangladeshi and KND populations fall within the range depicted in all the above-referred studies, therefore supporting the present findings.
In Bangladeshi duck populations, the highest number of haplotypes (12) was observed in the BaB population that presented 82.9% Hd. BaW, BaJ, and BaL haplotype diversities were 33.7%, 88.6%, and 83.3%, respectively. Korean WKND, KND_N, and CD duck populations presented 5, 3, and 6 haplotypes with a proportional haplotype diversity of 63.3%, 68.9%, and 78.9%, respectively. Hence, the highest haplotype diversity value was observed in BaJ for the Bangladeshi duck populations and in CD for the Korean duck populations. Our results agree with the findings of Leekaew et al. (2008) who reported haplotype diversities varying from 0.700 to 0.800 in Thai native duck populations. Although quite extreme, the haplotype diversity values reported for Chinese domestic duck populations, which varied between 0.324 and 1.000, (Qu et al., 2009) , are also in agreement with those found in the present study. Purwantini et al. (2013) suggested that the Indonesian native Magelang duck population, which showed high polymorphism in the mtDNA D-loop region, might have originated from native ducks crossbreeding. Moreover, they found that Indonesian native duck populations' maternal line originated from Anas platyrhynchos and Anas zonorhyncha. Likewise, previous studies also identified spot-billed and mallard ducks as closely related species (Kulikova et al., 2004) .
Haplotype analysis
In this study, the 16 polymorphisms identified in the seven duck populations classified sequences into 28 haplotypes (Table 3) , which in turn provided sample identity (Table 4) . Among the 28 haplotypes, Hap_02 is the most common containing 62 sequences (42.76%) from both Bangladeshi and Korean duck populations, suggesting that these populations originated from an A. platyrhynchos common ancestor. Haplotype sharing was reported between native Thai and mallard ducks (Leekaew et al., 2008) , between Peking and Wild mallard ducks (Qu et al., 2009) , and between Chinese domestic duck breeds and mallards, as well as between Spot-billed and domestic ducks . Our results are, therefore, in agreement with these findings. Hap_01 to Hap_09 were considered to be KND haplotypes, whereas Hap_10 to Hap_28 were only observed in Bangladeshi duck populations. Seven haplotypes (Hap_01, Hap_03, Hap_04, Hap_05, Hap_06, Hap_07, and Hap_08) were presented in 59.02% samples of KND populations and Hap_10 to Hap_28 were found in 52.38% of the Bangladeshi duck populations as a specific haplotype. Most noticeably, the Nageswari duck population had the largest number of unique haplotypes (Hap_10 to Hap_20) and a specific indel, suggesting it is a distinct variety of indigenous Bangladeshi duck.
Heteroplasmic status of duck mtDNA
Two major patterns, overlapped and ambiguous sequences, appeared in a D-loop sequence fragment of approximately 100 bp in all duck samples. Wu et al. (2011) identified this phenomenon in mtDNA D-loop sequences from domestic mallard ducks blood samples, including 12 samples from Bangladeshi indigenous ducks, amplified using 4 primer pairs. Likewise, we observed heteroplasmic D-loop sequences corresponding to one recognized partial D-loop fragment and to one ambiguous and unidentified sequence. Nuclear mitochondrial (numt) DNA in eukaryotes originates from nuclear DNA aggression on mtDNA and exhibits homologous sequences to mtDNA (Lopez et al., 1994) , although presenting different homology degrees and sizes within and between chromosomes (Woischnik and Moraes, 2002) . Numts have been found in more than 83 species (Bensasson et al., 2001 ) and in the human genome their number has been estimated to range from 296 to 621 (Bensasson et al., 2003) . Sorenson and Fleischer (1996) reported that nuclear sequences homologous to the mtDNA D-loop region appeared when genomic DNA was extracted from blood samples of diving ducks but not from muscle, feather, and tissue samples. Several recent studies applying cloning sequencing protocols in domestic ducks have been able to retrieve partial D-loop sequences (Leekaew et al., 2008; Jin et al., 2014) . Polymorphism  InDel  1  1  2  2  2  2  2  2  2  2  2  2  3  3  4  6  2  8  9  0  0  1  2  4  5  5  7  7  9  2  4  3  0  5  2  4  0  2  9  8  3  2  4  2  5  7  6  2  8  8  3  Hap_01  C  C  T  T ducks were domesticated from an A. platyrhynchos ancestor. Most of the domestic duck populations are not unique and might be inter-crossed throughout their geographical distribution. However, maintaining the valuable native duck populations would be very useful for conservation in a geographical perspective. The polymorphisms identified here for the hypervariable D-loop region could be linked to the identified haplotypes to discriminate the various duck populations. Nevertheless, more molecular studies are required to further improve discrimination between duck breeds.
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